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Abstract Most guidelines for the management of hospi-
talized patients with community-acquired pneumonia
(CAP) recommend commencing therapy with intravenous
antibiotics, primarily because of concern about absorption
of oral antibiotics in acutely ill patients. However,
patients who respond are rapidly switched to oral therapy,
which has been shown to reduce costs and to shorten the
length of stay. The aim of the present study was to
determine whether a full course of oral antibiotics is as
efficacious and as safe as intravenous-to-oral sequential
antibiotic therapy for the treatment of hospitalized, non-
ICU patients with CAP. In an open-labelled, controlled
study, 129 hospitalized patients with CAP were randomly
assigned in a 2:1 ratio to receive either a full course of
oral levofloxacin (500 mg q12 h) or an intravenous-to-
oral sequential therapy consisting of intravenous ceftri-
axone (2 g q24 h) with or without clarithromycin (500 mg
q12 h) followed by an oral antibiotic (a beta-lactam agent
in the majority of patients). The primary study endpoint
was the resolution of CAP; secondary endpoints included
length of stay and overall mortality. CAP resolved in 72
of 79 (91.1%) patients in the levofloxacin group and in 34
of 37 (91.9%) patients in the intravenous-to-oral sequen-
tial therapy group (difference, 0.8%, 95%CI, 11.6–
10.0). Median length of stay was 8 days (range, 2–74
days) in the levofloxacin group and 10 days (range, 3–29
days) in the intravenous-to-oral sequential therapy group
(P=0.28). Day 30 mortality rates were 1.3% (1 of 79) and
8.1% (3 of 37), respectively (difference, 6.8%, 95%CI,
16.0–2.3). Full-course oral levofloxacin is as efficacious
and as safe as standard intravenous-to-oral sequential
antibiotic therapy for the treatment of hospitalized
patients with CAP.
Introduction
With the exception of the guidelines of the British
Thoracic Society, which encourage oral therapy for
nonsevere cases [1], most guidelines for the management
of hospitalized patients with community-acquired pneu-
monia (CAP) generally recommend commencing therapy
with intravenous antibiotics [2, 3, 4]. However, the choice
of parenteral over oral therapy is guided by prudence
rather than by clinical evidence of superiority, primarily
because of concern about absorption of oral antibiotics in
critically ill patients. Moreover, patients who improve
clinically are rapidly switched to oral therapy, usually
within 3 days, since intravenous-to-oral sequential or
step-down therapy has been shown to be safe, to reduce
treatment costs and to shorten the length of stay [5, 6, 7, 8,
9, 10, 11, 12, 13]. We therefore evaluated the efficacy and
safety of a full course of oral antibiotics for the treatment
of patients hospitalized with CAP.
Fluoroquinolones with enhanced activity against pneu-
mococci (such as levofloxacin, gatifloxacin and moxi-
floxacin) have become important agents in the
management of patients with CAP due to their excellent
bioavailability, their broad-spectrum antimicrobial activ-
ity against gram-positive, gram-negative and atypical
intracellular bacteria, and their favourable safety profile,
[2, 3, 4]. Amongst the fluoroquinolones, levofloxacin has
been shown to be highly efficacious when given orally to
V. Erard · P.-Y. Bochud · A. Cometta · T. Calandra ())
Division of Infectious Diseases,
Centre Hospitalier Universitaire Vaudois,
1011 Lausanne, Switzerland
e-mail: Thierry.Calandra@chuv.hospvd.ch
Tel.: +41-21-314-1037
Fax: +41-21-314-1036
O. Lamy
Department of Internal Medicine (Service A),
Centre Hospitalier Universitaire Vaudois,
1011 Lausanne, Switzerland
J. Bille
Institute of Microbiology,
Centre Hospitalier Universitaire Vaudois,
1011 Lausanne, Switzerland
A. Cometta
Service of Medicine,
Centre Hospitalier Yverdon-Chamblon,
1400 Yverdon-les-Bains, Switzerland
outpatients or as intravenous-to-oral sequential therapy to
inpatients with CAP [12, 14, 15]. The efficacy and safety
of a full course of oral levofloxacin was thus compared
with that of a standard intravenous-to-oral sequential
therapy, which consisted of intravenous ceftriaxone (2 g
q24 h) with or without clarithromycin (500 mg q12 h)
followed by an oral antibiotic (a beta-lactam agent in the
majority of patients) for the treatment of hospitalized,
non-ICU adult patients with CAP. The study was
designed as an open-labelled, randomized, controlled
pilot observational study to assess the feasibility and
safety of oral antibiotic therapy in these patients.
Materials and Methods
Patients
All consecutive adult patients (age 18 years) admitted for the
treatment of CAP were eligible for enrolment if they met the
following criteria: presence of a newly acquired pulmonary
infiltrate on a chest radiograph compatible with pneumonia and
at least one of the following symptoms or signs that developed
within 48 h of admission: fever (>38C), chills, dyspnoea, cough,
sputum production, pleuritic chest pain, altered breath sounds, dull
percussion sounds, bronchial rales or pleural rub. Exclusion criteria
included admission to an ICU; high likelihood of being discharged
from hospital within 24 h of admission; previous hospitalization or
stay in a nursing home within 10 days and 4 weeks of admission,
respectively; inability to take oral medication; and presence of any
of the following conditions or diseases: pregnancy, cystic fibrosis,
epilepsy, neutropenia defined as a neutrophil count of less than
500 cells/mm3, organ transplantation, treatment with cytotoxic or
immunosuppressive agents other than corticosteroids for the
treatment of chronic obstructive pulmonary disease, infection with
the human immunodeficiency virus, treatment with a fluoro-
quinolone within 1 week of admission and history of allergy to
beta-lactam or fluoroquinolone antibiotics.
Study Design and Setting
The study was designed as a prospective, randomized, open-
labelled, controlled pilot observational study conducted in two
Swiss medical centres: a 900-bed teaching hospital that serves as
both as city hospital and a tertiary reference centre providing
services to an area populated with more than 500,000 inhabitants
(Centre Hospitalier Universitaire Vaudois, Lausanne) and a 160-
bed community hospital (Centre Hospitalier Yverdon-Chamblon,
Yverdon-les-Bains). The study was approved by the ethics
committees of both institutions, and written informed consent
was obtained from each patient or legal guardian.
Patients were randomized in a 2:1 ratio to receive a full course
of oral levofloxacin (500 mg q12 h) or an intravenous-to-oral
sequential therapy regimen consisting of intravenous ceftriaxone
(2 g q24 h) with or without concomitant intravenous or oral
clarithromycin (500 mg q12 h) followed by an oral antibiotic
therapy chosen by the physician-in-charge according to CAP
treatment guidelines in use at the participating institutions [16]. The
choice of a 2:1 ratio was guided by the desire to expose more
patients to oral than conventional intravenous-to-oral sequential
therapy in this pilot feasibility study. The addition of clar-
ithromycin was recommended in patients who presented with
hyponatremia, elevated liver enzymes, unexplained diarrhoea,
elevation of creatine phosphokinase, altered mental status, oligoa-
nuria, elevated respiratory rate (>30/min) and/or hypotension
(systolic or diastolic blood pressure of less than 90 or 60 mmHg,
respectively).
Intravenous-to-oral switch was recommended after 2–3 days of
therapy in patients with clinical evidence of improvement (such as
temperature of <38C and respiratory rate <24/min) who were able
to tolerate oral medication and had intact gastrointestinal motility.
Recommended duration of antibiotic therapy was 7–10 days.
Patients with suspected or proven Mycoplasma pneumoniae,
Chlamydia pneumoniae or Legionella pneumophila pneumonia or
necrotizing pneumonia such as that due to Staphylococcus aureus,
enteric gram-negative bacteria or Pseudomonas aeruginosa were
treated for 2–3 weeks with appropriate antibiotics on the basis of
the results of in vitro susceptibility tests. In patients with renal
failure, daily doses of levofloxacin were adapted on the basis of
creatinine clearance as calculated according to Cockcroft and Gault
[17].
Clinical and Laboratory Evaluation
The study protocol required that, whenever possible, the following
be performed prior to the initiation of antibiotic therapy: a complete
medical history; physical examination; chest radiograph; oxygen
saturation test; haematological investigations (determination of
haemoglobin, haematocrit, leucocyte and platelet counts); bio-
chemistry tests (determination of electrolytes, urea, creatinine,
bilirubin, serum transaminase, alkaline phosphatase and C-reactive
protein); two sets of blood cultures; and Gram stain and cultures of
expectorated sputum, pleural fluid or any other infected sites.
Except in cases of suspected Legionella pneumonia, Gram stain of
sputum was considered to be evaluable and was accepted for
culture if it contained fewer than 25 epithelial cells per low-power
field [18]. Identification of the microorganisms and antibiotic
susceptibility testing were performed according to standard proce-
dures [19, 20]. Urinary antigen detection tests for Streptococcus
pneumoniae (Binax NOW ICT Streptococcus pneumoniae) and
Legionella pneumophila serogroup 1 (Binax NOW ICT Legionella)
were performed in every patient (Streptococcus pneumoniae) or
whenever Legionnaire’s disease was suspected. Serological anal-
yses for respiratory pathogens were not performed on a routine
basis. Follow-up studies were performed as clinically indicated and
until resolution of laboratory test abnormalities or discharge of the
patient from hospital. Symptoms and clinical signs were evaluated
by a research nurse and by the infectious diseases fellow in charge
of the study, daily during the first week and thereafter every other
day. Severity of CAP was assessed by the Prognostic Score Index
proposed by Fine et al. [21].
Definitions
The etiological diagnosis of CAP was considered definitive when
Streptococcus pneumoniae or a likely respiratory pathogen (such as
Haemophilus influenzae or Moraxella catarrhalis) was isolated
from blood cultures, an uncontaminated specimen (i.e. pleural fluid
or transthoracic aspirate) or expectorated sputum; when the urinary
Legionella pneumophila antigen test was positive; or when there
was a greater than or equal to fourfold increase in antibody titres to
Legionella pneumophila, Mycoplasma pneumoniae or Chlamydia
pneumoniae. The etiological diagnosis of CAP was considered
probable when a urinary Streptococcus pneumoniae capsular
antigen test was positive or when the expectorated sputum was
positive for uncommon respiratory pathogens (such as enteric
gram-negative bacteria or Staphylococcus aureus) that were
predominant on Gram stain.
Evaluation of Response and Adverse Events
The primary study endpoint was the resolution of CAP, evaluated
on day 30. Secondary endpoints included overall and infection-
related day 30-mortality (checked by a phone call for patients who
had been discharged) and length of hospital stay. Clinical response
was evaluated as a success if clinical signs and symptoms of
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infection and laboratory test abnormalities resolved and the
infecting microorganism was eradicated (for patients with a
microbiologically documented infection). Clinical response was
evaluated as a failure in the event of the following: (i) the patient
died of pneumonia, (ii) pneumonia did not improve or worsened
under antibiotic therapy, (iii) pneumonia relapsed within 7 days
after discontinuation of antibiotics or (iv) an adverse event occurred
that required discontinuation of therapy. All patients who received
at least one dose of the study drug were evaluated for adverse
events, which were classified as possibly, probably or definitely
related to antibiotic therapy. Relapse was assessed by phone call on
day 30.
Statistical Analysis
Categorical variables were compared using the chi-square test. In
two-by-two situations, Yate’s correction for continuity was used,
whereas Fisher’s exact test was used when any cell size was less
than five. For continuous variables, the nonparametric Mann-
Whitney test was used to compare the distribution between the two
treatment groups. All reported significance levels are two-sided.
The SPSS program was used for statistical computations (SPSS for
Windows, 1999).
Results
From April 2000 to April 2001, 201 patients admitted
with CAP were screened, 144 were eligible for the study,
15 refused to participate and 129 were randomized.
Thirteen patients were withdrawn from the study for the
following reasons: primary diagnosis other than CAP (10
patients), lost to follow-up (2 patients) or discharge from
hospital within 24 h of admission (1 patient). Thus, 116
patients (oral levofloxacin, 79; intravenous-to-oral se-
quential therapy, 37) were evaluable for response to
antibiotic in a per-protocol analysis. Characteristics of the
patients (Table 1) were comparable in the two treatment
groups except for the higher median baseline serum
creatinine level in the levofloxacin group (102 vs. 94
mmol/l, P=0.02). In both treatment groups, more than
60% of the patients had a Prognostic Score Index of IV or
V, and more than 70% of the patients had comorbidities,
mostly cardiopulmonary diseases. Sixteen (14%) patients
had received antibiotics (median duration of therapy, 1.5
days) prior to admission.
Table 1 Characteristics of the
patients included in the study
Characteristic Oral levofloxacin group lntravenous-to-oral sequential
therapy group
Total no. of patients 79 37
No. of males/females 46/33 25/12
Median age in years (range) 77 (24–92) 77 (26–95)
Prognostic Score Index, no. (%)
I 0 (0%) 1 (3%)
II 14 (18%) 8 (22%)
III 14 (18%) 5 (14%)
IV 47 (59%) 20 (54%)
V 4 (5%) 3 (8%)
Previous antibiotics, no. (%) 12 (15%) 4 (5%)
Comorbiditiesa, no. (%) 57 (72%) 27 (73%)
Heart failure 36 (46%) 12 (32%)
COPD 24 (30%) 11 (30%)
Asthma 5 (6%) 2 (5%)
Diabetes 4 (5%) 3 (8%)
Renal failure 12 (15%) 2 (5%)
Cancer 5 (6%) 1 (3%)
Cerebrovascular diseases 3 (3%) 5 (13%)
Liver disease 2 (3%) 0 (0%)
Neuromuscular disease 1 (1%) 1 (3%)
Median clinical parameters (range)
Temperature, C 38 (36–40) 38 (35–40)
Heart rate, min-1 97 (54–160) 103 (67–140)
Systolic pressure, mmHg 130 (98–190) 134 (113–192)
Diastolic pressure, mmHg 80 (60–135) 80 (58–110)
Respiratory rate, min-1 22 (9–36) 24 (12–52)
Median laboratory parameters (range)
Leucocyte count, 103/mm3 12.4 (5.1–35.5) 13.8 (4.8–30)
C-reactive protein, mg/l 143 (1–450) 171 (10–513)
Creatinine, mmol/lb 102 (61–320) 94 (65–167)
Sodium, mmol/l 136 (125–143) 135 (116–140)
Abnormal chest radiograph, no. (%) 79 (100%) 37 (100%)
Bilateral infiltrate 9 (11%) 3 (8%)
More than 1 lobe involved 13 (16%) 3 (8%)
COPD, chronic obstructive pulmonary disease
a Some patients had more than one comorbidity
b P=0.04
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Blood cultures were performed in 76 (66%) patients
and were positive in 4. Bacteraemia was due to Strepto-
coccus pneumoniae (2 episodes) and to Staphylococcus
aureus and group G streptococci (1 episode) in the
levofloxacin group and to Streptococcus pneumoniae (1
episode) in the intravenous-to-oral sequential therapy
group. Cultures of expectorated sputum were performed
in 46 (40%) patients, and Streptococcus pneumoniae and
Legionella urinary antigens were measured in 79 (68%)
patients and 26 (22%) patients, respectively. Pneumonia
was microbiologically documented in 29 (25%) patients
(Table 2). The aetiology of pneumonia was considered
definitive in 15 patients and probable in 14. Streptococcus
pneumoniae was the most common pathogen (66%),
followed by Haemophilus influenzae (14%), Staphylo-
coccus aureus (7%), Moraxella catarrhalis (7%) and
Escherichia coli (7%). Five patients had mixed infections
due to Streptococcus pneumoniae and Haemophilus
influenzae in three, Streptococcus pneumoniae and Mo-
raxella catarrhalis in one and Staphylococcus aureus and
group G streptococci in one. All isolates of Streptococcus
pneumoniae were susceptible to levofloxacin and to
ceftriaxone, 71% were susceptible to penicillin G and
57% were susceptible to clarithromycin.
The median duration of antibiotic therapy was 11 days
(range, 5–22 days) in the levofloxacin group and 13 days
(range, 9–28 days) in the intravenous-to-oral sequential
therapy group (P=0.01). In the levofloxacin group, two
patients received the first dose of antibiotic intravenously.
In the intravenous-to-oral sequential therapy group, 20
(54%) patients were treated with ceftriaxone plus oral
clarithromycin and 17 (46%) patients with ceftriaxone
monotherapy. The median duration of intravenous ceftri-
axone was 4 days (range, 2–11 days). Five patients
received a full course of intravenous therapy, given in
combination with clarithromycin in two, whereas 32
patients were switched to oral therapy consisting of
amoxicillin/clavulanate (17 patients), cefuroxime (7 pa-
tients), clarithromycin (4 patients) or levofloxacin (4
patients). Clinical response rates were similar in both
treatment groups (levofloxacin, 91.1%; intravenous-to-
oral sequential therapy, 91.9%; difference, 0.8%;
95%CI, 11.6–10.0) (Table 3). Treatment failures were
due to nonresponse, reinfection or adverse events, each
occurring in three patients. Antibiotics had to be changed
after 3, 5 and 7 days, respectively, due to lack of clinical
improvement in 3 patients (levofloxacin group, 2; intra-
venous-to-oral sequential therapy group, 1) with CAP of
undetermined aetiology. All patients improved after
Table 2 Etiology of pneumonia
in the study patients
Etiological characteristic Oral levofloxacin
group
lntravenous-to-oral sequential
therapy group
No. of patients 79 37
No. (%) with microbiologically
documented pneumonia
18 (23%) 11 (30%)
No. of microorganisms isolateda 22 12
Gram-positive bacteria
Streptococcus pneumoniae 11 8
Staphyolococcus aureus 2 0
Group G streptococci 1 0
Gram-negative bacteria
Haemophilus influenzae 3 1
Escherichia coli 1 1
Moraxella catarrhalis 2 0
Klebsiella pneumoniae 0 1
Legionella pneumophila 1 0
Pasteurella multocida 1 0
Other 0 1
a More than 1 microorganism was isolated in 5 patients (Streptococcus pneumoniae and Haemophilus
influenzae in 3, Streptococcus pneumoniae and Moraxella catarrhalis in 1 and Staphylococcus aureus
and group G streptococci in 1)
Table 3 Outcome of the pa-
tients included in the study
Outcome Oral levofloxacin
group
lntravenous-to-oral sequential
therapy group
No. of patients 79 37
Cure, no. (%) 72 (91.1%) 34 (91.9%)
Failure, no. (%) 7 (8.9%) 3 (8.1%)
Nonresponse, no. (%) 2 (2.5%) 1 (2.7%)
Relapse/reinfection, no. (%) 2 (2.5%) 1 (2.7%)
Death due to infection, no. (%) 0 (0%) 1 (2.7%)
Adverse event(s), no. (%) 3 (3.8%) 0 (0%)
Median length of stay in days (range) 8 (2–74) 10 (3–29)
Overall mortality at day 30, no. (%) 1 (1.3%) 3 (8.1%)
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modification of antibiotic therapy. One patient in the
levafloxacin group was readmitted because of relapsing
CAP due to a penicillin- and macrolide-susceptible strain
of Streptococcus pneumoniae; relapse occurred 7 days
after discontinuation of levofloxacin for the first of
episode of CAP, for which no microorganism had been
isolated. Unfortunately, the susceptibility of the Strepto-
coccus pneumoniae isolate to levofloxacin was not tested.
Pneumococcal pneumonia was cured with intravenous
ceftriaxone followed by oral cefuroxime. The other two
patients (levofloxacin group, 1; intravenous-to-oral se-
quential therapy group, 1) presented with acute bronchitis
7 and 10 days after discontinuation of antibiotic therapy.
These upper respiratory tract infections were not present
when the patients were enrolled into the study.
The median length of stay was 8 days (range, 2–74
days) in the levofloxacin group and 10 days (range, 3–29
days) in the intravenous-to-oral sequential therapy group
(P=0.28). Four patients died (overall mortality, 3.4%)
(levofloxacin group, 1 [1.3%]; intravenous-to-oral se-
quential therapy, 3 [8.1%]; difference, 6.8%;
95%CI,16.0–2.3), all of whom had a Prognostic Score
Index of IV and were 79–87 years of age. Pneumonia was
considered the cause of death in only one patient
(intravenous-to-oral sequential therapy group), who had
severe chronic obstructive pulmonary disease and died on
day 12 despite treatment with broad-spectrum intravenous
antibiotics. Blood and expectorated sputum cultures
remained negative, and no autopsy was performed. In
the other three patients, death was attributed to cardiac (2
patients) or digestive (1 patient) events. Antibiotic-
associated adverse events occurred in five (6%) patients
in the levofloxacin group and two (5%) patients in the
intravenous-to-oral sequential therapy group. The adverse
events reported in the levofloxacin group were nausea (2
patients), diarrhoea (2 patients) and seizure (1 patient).
Treatment was discontinued in three patients, but the
relationship between the adverse event and the study drug
was not established definitively. In the intravenous-to-oral
sequential therapy group, one patient developed nausea
that was possibly related to the study drug(s), and one had
Clostridium difficile colitis, considered definitely related
to antibiotic therapy.
Discussion
Until recently, administration of parenteral antibiotics
was considered the standard of care for the treatment of
infections in acutely ill hospitalized patients, including
patients with CAP. However, the advent of potent, broad-
spectrum, bactericidal antibiotics with excellent bioavail-
ability, such as beta-lactam agents and fluoroquinolones,
has offered clinicians the option to safely treat moderately
ill patients with oral antibiotics. Recent studies have
indeed shown that fluoroquinolones with enhanced activ-
ity against pneumococci, given either orally to outpatients
or as intravenous-to-oral sequential or step-down therapy
to inpatients, are highly efficacious and safe for the
treatment of patients with CAP [14, 22, 23, 24, 25, 26, 27,
28, 29].
The results of the present study show that a full oral
course of levofloxacin is as efficacious (response rate,
91% in levafloxacin group vs. 92% in intravenous-to-to
oral therapy group) and as safe (rate of adverse events,
6% vs. 5%; mortality, 1% vs. 8%) as standard intrave-
nous-to-oral step-down therapy for the treatment of
hospitalized patients with CAP. As a safeguard against
the risk of underdosing due to a less-than-optimal
absorption of oral antibiotic in these severely ill patients,
levofloxacin (500 mg) was given twice daily instead of
once daily as usually prescribed in patients with CAP.
The high proportion of patients with a Prognostic Score
Index of IV or V (>60%), the high rate of patients with
comorbidities (>70%) and the elevated median age (77
years) indicate that most of the patients enrolled were
critically ill [2, 3, 4, 21]. The high response rate (91%)
and the low mortality rate (1.3%) in the levofloxacin
group are comparable with those observed in numerous
intravenous-to-oral sequential studies and demonstrate the
efficacy and safety of a fully oral antibiotic treatment for
inpatients with CAP. Given their favourable antimicrobi-
al, clinical and safety profiles, fluoroquinolones with
enhanced activity against Streptococcus pneumoniae are
now widely used for the treatment of CAP, especially in
areas with high rates of resistance to penicillin and
macrolides. However, as a word of caution against the
indiscriminate use of this class of antibiotics, especially in
the context of low resistance to other commonly used
antibiotics or for the treatment of outpatients with
uncomplicated CAP, physicians should be aware that
resistance is emerging [30], as might have occurred in one
of our patients, and that treatment failures have been
reported [31].
Treatment with oral antibiotics helps minimize the use
of intravenous catheters, thereby reducing nursing time
and improving the patient’s comfort and mobility and thus
preventing complications of intravenous therapy such as
phlebitis, catheter-related infections, bedsores and throm-
boembolic events. Moreover, previous studies have
demonstrated that an early switch from intravenous to
oral antibiotics in patients with CAP reduces treatment
costs and shortens the length of hospital stay [5, 6, 7, 8, 9,
10, 11, 12, 13]. The median length of stay was numer-
ically lower (8 vs. 10 days) in the oral therapy group than
in the intravenous therapy group, but this difference was
not statistically significant. This was not unexpected.
Indeed, in a mostly elderly patient population with
frequent comorbidities, the management of the underlying
diseases rather than the treatment of CAP and the time
needed to find an appropriate social environment com-
patible with a safe return to home usually are the main
determinants of the length of stay [4]. Administration of a
full oral course of antibiotics may help to further shorten
the patient’s hospital stay without comorbidities.
Few studies have examined the feasibility of an
exclusively oral therapy for inpatients with CAP. The
first studies were conducted with penicillin V, cefpo-
86
doxime, ofloxacin or azithromycin [32, 33, 34, 35], which
are either no longer appropriate or could only be used in a
minority of hospitalized patients with CAP [2, 3, 4]. More
recently, oral cefuroxime therapy and amoxicillin/clavu-
lanate given with or without a macrolide were observed to
be as efficacious as intravenous-to-oral step-down therapy
in 85 hospitalized patients with nonsevere CAP [36]. Only
two studies have compared the efficacy of fluoro-
quinolone monotherapy with that of standard oral or
intravenous antibiotics [15, 37]. Once-daily oral spar-
floxacin was shown to be as efficacious as oral amoxi-
cillin in a prospective, randomized trial of mostly young
inpatients with CAP and no comorbidities [37]. In the
other study, conducted in a sicker patient population,
intravenous-to-oral sequential levofloxaxin was found to
be as effective as intravenous ceftriaxone followed by
various oral antibiotics or cefpodoxime for inpatients with
CAP [15]. Therefore, the present observational and
feasibility study strongly suggests that a full course of
oral fluoroquinolone therapy is as efficacious as standard
intravenous-to-oral step-down therapy for the treatment of
hospitalized non-ICU adult patients with CAP.
Acknowledgements We thank R. Stoianov and A. Sequin for their
help in data collection and follow-up of the patients, and M.
Paesmans for advice on statistical analyses. This work was
supported in part by a research grant from Aventis (Zurich,
Switzerland) and by grants from the Swiss National Science
Foundation to T.C. (31–066972.01) and to P-Y.B. (81LA-65462).
T.C. is recipient of a career award from the Leenaards Foundation.
V. E. and O. L. received travel grants from Aventis for the purpose
of presenting the results of the present study and those of an
unrelated study on osteoporosis.
References
1. Anonymous (2001) BTS guidelines for the management of
community-acquired pneumonia in adults. Thorax 56 (Suppl
4):1–64
2. Bartlett JG, Dowell SF, Mandell LA, File TM Jr, Musher DM,
Fine MJ (2000) Practice guidelines for the management of
community-acquired pneumonia in adults. Infectious Diseases
Society of America. Clin Infect Dis 31:347–382
3. Mandell LA, Marrie TJ, Grossman RF, Chow AW, Hyland RH
(2000) Canadian guidelines for the initial management of
community-acquired pneumonia: an evidence-based update by
the Canadian Infectious Diseases Society and the Canadian
Thoracic Society. Clin Infect Dis 31:383–421
4. Niederman MS, Mandell LA, Anzueto A, Bass JB, Broughton
WA, Campbell GD, Dean N, File T, Fine MJ, Gross PA,
Martinez F, Marrie TJ, Plouffe JF, Ramirez J, Sarosi GA,
Torres A, Wilson R, Yu VL (2001) Guidelines for the
management of adults with community-acquired pneumonia.
Diagnosis, assessment of severity, antimicrobial therapy, and
prevention. Am J Respir Crit Care Med 163:1730–1754
5. Hirata-Dulas CA, Stein DJ, Guay DR, Gruninger RP, Peterson
PK (1991) A randomized study of ciprofloxacin versus
ceftriaxone in the treatment of nursing home-acquired lower
respiratory tract infections. J Am Geriatr Soc 39:979–985
6. Ramirez JA, Srinath L, Ahkee S, Huang A, Raff MJ (1995)
Early switch from intravenous to oral cephalosporins in the
treatment of hospitalized patients with community-acquired
pneumonia. Arch Intern Med 155:1273–1276
7. Hendrickson JR, North DS (1995) Pharmacoeconomic benefit
of antibiotic step-down therapy: converting patients from
intravenous ceftriaxone to oral cefpodoxime proxetil. Ann
Pharmacother 29:561–565
8. Chan R, Hemeryck L, O’Regan M, Clancy L, Feely J (1995)
Oral versus intravenous antibiotics for community-acquired
lower respiratory tract infection in a general hospital: open,
randomised controlled trial. Br Med J 310:1360–1362
9. Oh HM, Ng AW, Lee SK (1996) Cefuroxime compared to
amoxicillin-clavulanic acid in the treatment of community-
acquired pneumonia. Singapore Med J 37:255–257
10. Siegel RE, Halpern NA, Almenoff PL, Lee A, Cashin R,
Greene JG (1996) A prospective randomized study of inpatient
iv. antibiotics for community-acquired pneumonia. The optimal
duration of therapy. Chest 110:965–971
11. Ramirez JA, Vargas S, Ritter GW, Brier ME, Wright A, Smith
S, Newman D, Burke J, Mushtaq M, Huang A (1999) Early
switch from intravenous to oral antibiotics and early hospital
discharge: a prospective observational study of 200 consecutive
patients with community-acquired pneumonia. Arch Intern Med
159:2449–2454
12. Marrie TJ, Lau CY, Wheeler SL, Wong CJ, Vandervoort MK,
Feagan BG (2000) A controlled trial of a critical pathway for
treatment of community-acquired pneumonia. Community-
Acquired Pneumonia Intervention Trial Assessing Lev-
ofloxacin. JAMA 283:749–755
13. Vogel F (2002) Intravenous/oral sequential therapy in patients
hospitalised with community-acquired pneumonia: which pa-
tients, when and what agents? Drugs 62:309–317
14. File TM Jr, Segreti J, Dunbar L, Player R, Kohler R, Williams
RR, Kojak C, Rubin A (1997) A multicenter, randomized study
comparing the efficacy and safety of intravenous and/or oral
levofloxacin versus ceftriaxone and/or cefuroxime axetil in
treatment of adults with community-acquired pneumonia.
Antimicrob Agents Chemother 41:1965–1972
15. Norrby SR, Petermann W, Willcox PA, Vetter N, Salewski E
(1998) A comparative study of levofloxacin and ceftriaxone in
the treatment of hospitalized patients with pneumonia. Scand J
Infect Dis 30:397–404
16. Work Group for Practice Guidelines for Community-Acquired
Pneumonia (1999) Diagnostic and treatment of community-
acquired pneumonia in the adult. Recommendations for clinical
practice. Rev Med Suisse Romande 119:403–427
17. Cockcroft DW, Gault MH (1976) Prediction of creatinine
clearance from serum creatinine. Nephron 16:31–41
18. Wong LK, Barry AL, Horgan SM (1982) Comparison of six
different criteria for judging the acceptability of sputum
specimens. J Clin Microbiol 16:627–631
19. Reisner BA, Woods GL, Thomson RB, Larone DH, Garcia LS,
Shimizu RY (2002) Specimen processing. In: Murray PR,
Baron EJ, Pfaller MA, Tenover FC, Yolken RH (eds) Manual of
clinical microbiology. ASM Press, Washington DC, pp 64
20. Jorgensen JH, Turnidge JD, Washington JA (1999) Antibacte-
rial susceptibility tests: dilution and disk diffusion. In: Murray
PR, Baron EJ, Pfaller MA, Tenover FC, Yolken RH (eds)
Manual of clinical microbiology, 7th edn. ASM Press, Wash-
ington DC, pp 1526–1543
21. Fine MJ, Auble TE, Yealy DM, Hanusa BH, Weissfeld LA,
Singer DE, Coley CM, Marrie TJ, Kapoor WN (1997) A
prediction rule to identify low-risk patients with community-
acquired pneumonia. N Engl J Med 336:243–250
22. O’Doherty B, Dutchman DA, Pettit R, Maroli A (1997)
Randomized, double-blind, comparative study of grepafloxacin
and amoxycillin in the treatment of patients with community-
acquired pneumonia. J Antimicrob Chemother 40 (Suppl
A):73–81
23. Ramirez J, Unowsky J, Talbot GH, Zhang H, Townsend L
(1999) Sparfloxacin versus clarithromycin in the treatment of
community-acquired pneumonia. Clin Ther 21:103–117
24. Lode H, Garau J, Grassi C, Hosie J, Huchon G, Legakis N,
Segev S, Wijnands G (1995) Treatment of community-acquired
pneumonia: a randomized comparison of sparfloxacin, amoxy-
cillin-clavulanic acid and erythromycin. Eur Respir J 8:1999–
2007
87
25. Ortqvist A, Valtonen M, Cars O, Wahl M, Saikku P, Jean C
(1996) Oral empiric treatment of community-acquired pneu-
monia. A multicenter, double-blind, randomized study com-
paring sparfloxacin with roxithromycin. The Scandinavian
Sparfloxacin Study Group. Chest 110:1499–1506
26. Tremolieres F, de Kock F, Pluck N, Daniel R (1998)
Trovafloxacin versus high-dose amoxicillin (1 g three times
daily) in the treatment of community-acquired bacterial pneu-
monia. Eur J Clin Microbiol Infect Dis 17:447–453
27. Carbon C, Ariza H, Rabie WJ, Salvarezza CR, Elkharrat D,
Rangaraj M, Decosta P (1999) Comparative study of lev-
ofloxacin and amoxycillin/clavulanic acid in adults with mild-
to-moderate community acquired pneumonia. Clin Microbiol
Infect 5:724–732
28. Moola S, Hagberg L, Churchyard GA, Dylewski JS, Sedani S,
Staley H (1999) A multicenter study of grepafloxacin and
clarithromycin in the treatment of patients with community-
acquired pneumonia. Chest 116:974–983
29. Petitpretz P, Arvis P, Marel M, Moita J, Urueta J (2001) Oral
moxifloxacin vs. high-dosage amoxicillin in the treatment of
mild-to-moderate, community-acquired, suspected pneumococ-
cal pneumonia in adults. Chest 119:185–195
30. Chen DK, McGeer A, de Azavedo JC, Low DE (1999)
Decreased susceptibility of Streptococcus pneumoniae to
fluoroquinolones in Canada. Canadian Bacterial Surveillance
Network. N Engl J Med 341:233–239
31. Davidson R, Cavalcanti R, Brunton JL, Bast DJ, de Azavedo
JC, Kibsey P, Fleming C, Low DE (2002) Resistance to
levofloxacin and failure of treatment of pneumococcal pneu-
monia. N Engl J Med 346:747–750
32. Fredlund H, Bodin L, Back E, Holmberg H, Krook A, Rydman
H (1987) Antibiotic therapy in pneumonia: a comparative study
of parenteral and oral administration of penicillin. Scand J
Infect Dis 19:459–466
33. Zuck P, Rio Y, Ichou F (1990) Efficacy and tolerance of
cefpodoxime proxetil compared with ceftriaxone in vulnerable
patients with bronchopneumonia. J Antimicrob Chemother 26
(Suppl E):71–77
34. Sanders WE Jr, Morris JF, Alessi P, Makris AT, McCloskey
RV, Trenholme GM, Iannini P, Bittner MJ (1991) Oral
ofloxacin for the treatment of acute bacterial pneumonia: use
of a nontraditional protocol to compare experimental therapy
with “usual care” in a multicenter clinical trial. Am J Med
91:261–266
35. Bohte R, van’t Wout JW, Lobatto S, Blusse van Oud AA,
Boekhout M, Nauta EH, Hermans J, van den Broek PJ (1995)
Efficacy and safety of azithromycin versus benzylpenicillin or
erythromycin in community-acquired pneumonia. Eur J Clin
Microbiol Infect Dis 14:182–187
36. Castro-Guardiola A, Viejo-Rodriguez AL, Soler-Simon S,
Armengou-Arxe A, Bisbe-Company, Penarroja-Matutano G,
Bisbe-Company, Garcia-Bragado F (2001) Efficacy and safety
of oral and early-switch therapy for community- acquired
pneumonia: a randomized controlled trial. Am J Med 111:367–
374
37. Aubier M, Verster R, Regamey C, Geslin P, Vercken JB (1998)
Once-daily sparfloxacin versus high-dosage amoxicillin in the
treatment of community-acquired, suspected pneumococcal
pneumonia in adults. Sparfloxacin European Study Group. Clin
Infect Dis 26:1312–1320
88
